Abstract (149 words) -This paper demonstrates a systems framework for assessment of environmental impacts from 'green initiatives', through a case study of meso-scale, anthropogenic-biogenic interactions. The following cross-sectoral green initiatives, combining the emerging trends in the North East region of the United Kingdom, have been considered -increasing the vegetation cover; decarbonising road transport; decentralising energy production through biomass plants. Two future scenarios are assessed -Baseline_2020 (projected emissions from realisation of policy instruments); Aggressive_2020 (additional emissions from realisation of green initiatives). Resulting trends from the Aggressive_2020 scenario suggest an increase in emissions of pollutant precursors, including biogenic volatile organic compounds and nitrogen dioxide over the base case by up to 20% and 5% respectively. This has implications for enhanced daytime ozone and secondary aerosols formation by up to 15% and over 5% respectively. Associated land cover changes show marginal decrease of ambient temperature but modest reductions in ammonia and ambient particulates.
Introduction

1
Alongside conventional management of urban growth through efficient designing of the built 2 form and transportation (so called "grey infrastructure"), developing green infrastructures is 3 being considered as a cost-effective means for decoupling climate change impacts from urban 4 sustainability (Pataki et al., 2011; Llausàs and Roe, 2012) , primarily owing to their economy 5 of scale and multi functionality (DCLG, 2007; CABE, 2010; TCPA, 2011) . The concept of 6 green infrastructure (GI) as a spatial planning tool has been adapted for quite some time 7 (PCSD, 1999; McDonald et al., 2006) , however, currently there has been re-energised 8 emphasis on planning of 'garden cities' in the UK at a city-regional level (TCPA, 2011) . The 9 scope of greening is multi-faceted and extends beyond mere increase in green space cover to 10 more unconventional measures, such as introduction of low/ zero emission transportation 11 (electric/ fuel cell vehicles), production of renewable (so called 'green') energy from local 12 resources, etc. For example, as part of the '2050 Vision for a Green Europe' sustainably 13 grown domestic biomass is projected to provide up to 10% of the UK's energy needs by 2050 14 and significantly contribute to the reduction of greenhouse gas (GHG) emissions through 15 penetration of low emission vehicles reaching up to 50% of the fleet (DECC, 2010) . 16 Furthermore, the UK Renewable Energy Roadmap places bioenergy at the forefront of the Almost all the proposed green initiatives entail air quality implications on a systems scale 21 which need addressing. Studies suggest that controlling air quality, especially in urban areas, 22 will become more difficult in the future and under scenarios of climate change than it is now 23 (Steiner et al., 2006; Nagendra et al., 2012) , mainly owing to exacerbation of the local effects 24 of climate change on meteorology, energy, emissions, photochemistry, and air quality. anthropogenic and biogenic components of green initiatives to ensure sustainable 27 development through amelioration of local (and regional) air quality while minimising 28 climate change impacts. Although piecemeal assessments of air quality implications from 29 conventional biomass processing technologies (Tiwary et al., 2010) and adoption of zero-30 carbon transport technologies supported on fossil-based electricity grid (Williams, 2007) do 31 exist, future implications for local air quality of enhanced greening of the entire urban form is
32 not yet fully understood at systems level from landscape interactions perspective (Taha, 2008; 33 Fowler et al., 2009) . Evaluation of the 'true sustainability potentials' of combining these 34 green initiatives therefore requires a paradigm shift in scoping of both the direct and the 35 second-order environmental impacts, adequately quantifying the contributions from inherent 36 anthropogenic and biogenic components using an integrated 'whole systems' approach.
Until recently simulations studying the implications of climate change adaptation strategies 39 (in terms of urban surface modifications) have mainly evaluated the ozone impacts (Taha 40 2008) whilst the potential impacts on aerosol formation have received less attention, apart 41 from a recent study on continental scale modelling of anthropogenic-biogenic emissions 42 interactions (Sartelet et al., 2012) . Besides, the impacts of the proposed control strategies, 43 under future-year emission scenarios of climate change, are little understood. This paper takes 44 a novel approach to systems analysis by assessing the landscape interactions between the 45 anthropogenic and biogenic components of emerging green initiatives, essentially envisaged 46 on the basis of plausible future scenarios. The assessment is mainly confined to pollutants that 47 are currently of particular concern, including both primary and secondary particulate matter 48 (PM, considered here as the combined pool of PM10, PM2.5 i.e. particles with aerodynamic 49 diameters <10 µm and <2.5 µm respectively), ozone (O3) and nitrogen dioxide (NO2). The 50 first part provides an overview of the assessments framework, highlighting the key 51 components of green initiatives scoped in this study, alongwith their air quality implications.
52
The second part demonstrates its application to a case study, through the development of 53 representative scenarios using appropriate land use and emissions data sources. The 54 subsequent parts provide the methodological approach adopted, followed by a discussion of 55 the results and their policy relevance. (DCLG, 2006; Susca et al., 2011) . However, the implication for air quality is 84 considered to be heavily dependent on the species planted. Large scale commercial 85 plantations of bioenergy crops such as poplar and willows, whilst fulfilling the current drive 86 for energy sustainability from renewable biomass (Karp and Shield, 2008; Lovett et al., 2009; 87 DECC, 2012) would exacerbate the bVOC (mainly isoprene and monoterpene) emissions 88 (Williams, 2007 (Taha, 2008; Morani et al., 2011 (Iamarino et al., 2011) , lower air temperatures, resulting from vegetation cover modifications 114 and retrofitting initiatives to enhance evapotranspiration and albedo-effects have shown 115 reduction in cooling electricity demand (Susca et al., 2011) and reduced meteorology-116 dependent emissions from anthropogenic and biogenic sources (Williams, 2007) . This in turn 117 would contribute to reduced rates of ground-level O3 formation and/or accumulation (Sartelet 118 et al., 2012) . However, potential increases in O3 (negative impacts) can still arise from a 119 combination of conditions that allow this pollutant to accumulate. Chemistry and atmospheric 120 carrying-capacity aside, these include reduced mixing and dilution caused by lower winds and 121 decreased boundary-layer depth (Taha, 2008 The North East England has been used to demonstrate the application of the proposed meso-128 scale assessment framework, comprising of several cities and satellite market towns. Based on the assessment framework described earlier, the overall aim of the case study is to while the community boilers were assumed to be operated mainly during the winter months.
214
The biogenic emissions are based on the productivity estimates reported in the regional 215 biomass yield maps (Defra, 2009 ). The anthropogenic emissions are estimated for biomass 216 storage and utilisation; haulage and off-road vehicle transportation of fuel; combustion in 217 biomass plants (Tiwary et al., 2010; NAEI, 2012) . It is envisaged limited supply of locally 218 sourced biomass, at least in the near future, will push a significant rise in import of the fuel in 219 the region from overseas (or from elsewhere in the UK) via ship (RES, 2010) . This may 220 further enhance the associated anthropogenic emissions (sulphur and active nitrogen in the 221 atmosphere) (Dore et al., 2007) . However, in this study offshore transport is not included and 222 all the biomass is assumed to be sourced locally via ground transport. tools, namely FRAME and WRF/Chem, were adopted for the respective tasks outlined above.
238
The complementary capabilities of these two models enabled quantification of pollutant The FRAME (Fine Resolution Atmospheric Multi-pollutant Exchange) model was initially 248 developed specifically to simulate the concentration and deposition of ammonia (Singles et al., 249 1998). Subsequently it was modified to be a multi-pollutant model, including detailed 250 treatment of oxidised nitrogen and sulphur (Fournier et al., 2004 ) and applied to estimate acid 251 deposition and the exceedance of critical loads. FRAME offers a spatially-resolved 252 mechanism for modelling future emissions scenarios from altered land cover as well as for 253 capturing the photochemical interactions of precursors contributing to secondary pollution 254 formation (Dore et al., 2007) . FRAME is capable of estimating the 'net' concentrations at a Plains . In this study, the focus is on the reaction of acid gases (H2SO4 and uses a 'big-leaf resistance' analogy model for dry deposition of particles (Smith et al., 2000) .
278
The first term in the resistance analogy concerns the transport of particles from the well- observations, specifically for regulated air pollutants, and found to be in good agreement 297 Zhang et al., 2010; Hu et al., 2012) . The air quality component of the 298 model is fully consistent with the meteorological component; both components use the same 299 transport scheme (mass and scalar preserving), the same grid (horizontal and vertical 300 components), and the same physics schemes for subgrid-scale transport .
301
The components also use the same time step, hence no temporal interpolation is needed. It is understood that all aspects of meteorology change, in varying degrees, as a result of 329 surface modifications; however, air temperature has been used as a suitable index, given its 330 relevance to urban heat island mitigation. Following earlier work (Taha, 2008) , air 331 temperature difference from the two scenarios was assessed at 2m height at 1100hrs. Table 3 provides regression statistics comparing the modelled outputs from the two scenarios.
Results and discussions
Quality assurance
420
The strength of coefficients of determination (R 2 ) signify the inverse relation to the extent of conditions, including average seasonal conditions (in addition to the worst-case scenarios).
567
Another interesting dimension to take the work forward would be to assess the ecological and ) for the trees considered in this study for standard conditions. 
